The author has designed a new type of a breathing simulator in which neither the piston-cylinder nor the bellows is used. Fig. 1 shows a schema of the experimental arrangement. The operational principle of the breathing simulator is as follows: Air flow pumped from compressor 1 passes through needle valve A out into valve C. The air flow is automatically regulated by the newly developed valve C under the direction of controller 3. Thus, the air flow can be pulsated at pipe a-b as shown in the inset of Fig. 1 . The peak value of the pulsatile air flow is adjusted by valve A when valve C is maximally opened. Vacuum pump 2 draws air at a constant flow rate at point b and thus serves for "Air Subtraction". Valve B sets the zero level of flow rate in pipe b-c. Thus, reciprocating air flow can be generated in pipe b-c, expired air at point c is (
where r1= distance of 15 mm between the center of the valve and the slit inner end. The cam is driven by a stepping motor (7.5 degrees/step, Fuji Electric Chemical Co.). The rotation of the cam is easily controlled with a computer if the stepping motor is used. The lengths of the slit openings are changed by the cam. If the pressure in chamber A remains constant, the flow rate passing through the slit is in proportion to the area of the slit opening. The lengths of both slit opening, S 11 and S 12, are given, respectively, as follow.
(2) (3)
Since the summation of the lengths of both slit openings, S 1 S12, is fixed at 20 mm in this "Slit-Cam" system, the system maintains an approximately constant flow rate and pressure at chamber A.
The three patterns of instantaneous flow rate generated from this breathing simulator are shown in Fig. 3 . "Air Subtraction" is changed from 0 to 20 liters/min. The cam rotation of the valve is 20.8 rpm while the peak flow rate of the "Slit-Cam" valve is kept constant at 34 liters/min. The general shape of the curves is approximately sinusoidal. The curves of the air flow are smoother than those generated by cam-driven mechanical breathers,1,2) but less smooth than those generated by hydraulic breather.
3) The smoothness of the curves obtained here depends on the rotation of the stepping motor.
The minimum flow rate is not reduced to a zero level when "Air Subtraction" is 0 liters/min. This is due to leakage of air flow from a small gap between the slit and the cam. The adjustment of the minimum flow rate to any levels is easily feasible by "Air Subtraction" controlled by valve B, as shown in Fig. 3 . In the present study the peak flow rate of this valve is limited to about 50 liters/min because of the power limitation of the small stepping motor used here. Higher peak values of the flow can be obtained by a high-powered motor and adjustment of slit width.
This breathing simulator has several advantages over conventional breathing simulators: Firstly, check valves dividing air flow into expiration and inspiration are not necessary. Secondly, the mechanism driving the cam is very simple and calibration of flow rates is easy. Thirdly, air is not contaminated with cylinder oil, test aerosol or test gas.
The breathing simulator constructed here successfully generated sinusoidal patterns of air flow, as indicated in Fig. 3 . Furthermore, various patterns of air flow resembling human respiration can also be generated by programed motions of the "Slit-Cam" valve. This breathing simulator can be utilized to test protective respiratory equipments and measure the deposition fraction of aerosols in bifurcating models. Sugimoto.
